The main objective of the work was to assess the phytotoxicity of silver nanoparticles synthesized biologically using Veronica officinalis extract. The silver nanoparticles obtained by means of biological synthesis were characterized by UV-vis spectrophotometry (UV-VIS), transmission electron microscopy, scanning electron microscopy and atomic force microscopy (AFM). In order to assess the presence of biologically active compounds in V. officinalis extract, Fourier-transform infrared spectroscopy was used. AFM measurements indicated that the size of the obtained silver nanoparticles was about 15 nm. The phytotoxicity studies showed that biosynthesized silver nanoparticles did not exhibit any toxic effect throughout the range of concentrations examined during the study (0.0009-0.0675), both as regards Linum flavum and Lepidium sativum seeds.
Introduction
Nanotechnology belongs to the fastest growing science in the world, and its products are applied in many branches of industry. Nanomaterials can solve challenges related to water treatment, catalysis and medicine-both technological and environmental ones (Ajitha et al. 2015) . One interesting solution offered by nanotechnology involves metal nanoparticles, which have unique physicochemical characteristics that can influence material properties and enable the utilization of metal nanoparticles in many consumer products and industrial technologies (Johari et al. 2018) . The methods for producing metal nanoparticles include, among others, sol-gel, electrochemical or chemical reduction method (Parida et al. 2011) .
A great number of scientists have focused on silver nanoparticles, which are applied the most widely due to their well-known antibacterial and antifungal effects, as well as their plasmonic and opto-electrical properties (Pokhrel and Dubey 2013) . Silver nanoparticles are applied in numerous products, such as food packaging, cosmetics or medical devices (Saqib and Rahim 2016) . The growing production and exploitation of metal nanoparticles raise concerns about their release to the atmosphere, as such release may have a negative impact on the environment, and thus also on human health (Cvjetko et al. 2018) . The current world literature shows that plants can absorb metal nanoparticles, which leads to their accumulation in the food chain. This, in turn, makes it possible for them to reach the consumer (Pittol et al. 2017) . Several studies demonstrated many toxic effects of metal nanoparticles on fruiting, flowering and other physiological processes, which may be dangerous for the sustainable agriculture worldwide (Tripathi et al. 2017) .
Some indirect effects include the release of toxic metal ions or production of reactive forms of oxygen (Navarro et al. 2008) . Prokaryotes have a limited ability to absorb nanoparticles, which, in theory, protects them from the toxic effect of some nanomaterials. Eukaryotes are more susceptible to penetration by nanomaterials. In the case of eukaryotes, nanomaterials can penetrate into cells as a result of diffusion through cell membranes, endocytosis 1 3 (pinocytosis, phagocytosis, receptor-mediated endocytosis) or adhesion. Inside cells, nanomaterials may interact with the respective organelles, which may interfere with various metabolic processes. Many studies have demonstrated the toxic effects of silver nanoparticles on bacteria, mammals, animals, cells and plants. Researchers claim that toxicity stems from, among others, a strong affinity for thiol groups. Many studies have demonstrated the potential toxic effects of silver nanoparticles on marine species at different trophic levels, including algae (Skeletonema costatum and Dunaliella tertiolecta), cnidaria (Aurelia aurita), crustaceans (Artemia salina and Amphibaanus amphitrite), echinoderms (Paracentrotus lividus), sea urchin (Paracentrotus lividus) and oysters (Johari et al. 2018) . The studies carried out by Khosravi-Katuli et al. (2018) showed negative effects of silver on different aspects of the health of juvenile common carp. Certain works in the literature present studies concerning the phytotoxicity of metal nanoparticles. One example is the work of Lin and Xing (2007) , who assessed the phytotoxicity of five types of multiwalled NPs (MWCNT, Al, Al 2 O 3 , Zn and ZnO) on seed germination and seedling root growth in six higher plant species. In their work, Kumari et al. (2009) stated that Ag nanoparticles inhibited the growth of terrestrial plants Allium cepa. Pereira et al. (2018) assessed the phytotoxicity of silver nanoparticles to Lemna minor. Ma et al. (2010) examined the toxic effects of different sizes of AgNPs (20-80 nm) on Arabidopsis thaliana seedlings, and they observed an increase in toxicity after increasing the concentration of AgNPs. Al-Huqail et al. (2018) examined the morphological and anatomical changes in Lupinus termis leaves in response to different concentrations of green AgNPs. The authors of this work assessed the phytotoxic activity of silver nanoparticles biosynthesized with the use of Veronica officinalis extract against Lepidium sativum and Linum flavum seeds. It was very important to check whether biologically synthesized nanosilver had a toxic effect on the seeds used in the study because the majority of phytotoxicity studies reported so far have used chemically synthesized nanoparticles. The obtained results of the study can play a significant role in identifying various environmental risks associated with biologically synthesized silver nanoparticles.
Materials and methods

Materials
The study was carried out with the use of chemicals bought from Sigma-Aldrich (Poland). The seeds used in the study were of L. sativum (BIO Garden cress-Certified ecological seeds), L. flavum (Producer: Bio Planet). Aerosil 200 (Evonik Resource Efficiency GmbH; CAS No. 112945-52-5).
Preparation of silver nanoparticles
Veronica officinalis was collected from Wielkopolska region (Poland). To prepare the extract, 2 g of V. officinalis in powdered form was mixed with 250 ml of an aqueous solution and vigorous stirring for 50 min at the temperature of 80 °C. The obtained V. officinalis extract was used immediately after filtration through Whatman's No. 1 filter paper. In order to produce nanosilver, a typical synthesis procedure is carried out (Al-Huqail et al. 2018; Raj et al. 2018 ), using the (1 mM AgNO 3 ) solution. The synthesis of AgNPs was carried out as follows: The extract was combined with AgNO 3 , in equal amounts. Next, the prepared solution was stirred at 60 °C for 24 h.
Characterization of silver nanoparticles
To study the UV absorption spectra, spectrophotometer Cary E 500 was used, with a quartz cell length with 10 mm of optical path, in the range of 300 nm-800 nm. To analyze the Fourier-transform infrared spectroscopy (FTIR) spectra of the prepared samples, PerkinElmer Spectrum 1000 was used. The obtained biosynthesized silver nanoparticles were characterized using an atomic force microscope (Agilent 5500), transmission electron microscope JEOL JEM 1200 EXII (200 kV) and scanning electron microscope (HR SEM) Helios NanoLab 660 (FEI).
Phytotoxicity of silver nanoparticles
To verify whether the prepared biosynthesized silver nanoparticles, the V. officinalis (herba) extract and AgNO 3 had any phytotoxic properties, the stock solution was diluted to obtain the following concentrations: V. officinalis extract (for flax seeds: 0.085; 0.170; 0.340; 0.425; 0.850; 1.275; 1.700; 1.913 mg/ml; for garden cress seeds: 0.088; 0.175; 0.340; 0.680; 1.750; 3.500; 4.375; 8.750 mg/ml); AgNO 3 solution (for flax seeds: 0.0017; 0.0034; 0.0044; 0.0068; 0.0085; 0.0091; 0.0136; 0.0170 mg/ml; for garden cress seeds: 0.0017; 0.0034; 0.0044; 0.0068; 0.0085; 0.0091; 0.0136; 0.0170 mg/ml); and silver nanoparticles (for flax seeds: 0.0009; 0.0027; 0.0090; 0.0180; 0.0360; 0.0225; 0.0450; 0.0675 mg/ml; for garden cress seeds: 0.0009; 0.0027; 0.0090; 0.0180; 0.0360; 0.0225; 0.0450; 0.0675 mg/ml). Then, 2.0 g of Aerosil 200 was weighed on a Petri dish and combined with 20 ml of each dilution of the stock solution. The mixtures were stirred until they achieved a uniform consistency, and their surface was levelled. Demineralized water was added to the weighed Aerosil as a reference sample. Then, 20 flax seeds and 20 garden cress seeds were transferred on the substrate. The samples were subjected to incubation at 23.0 °C, 72 h (garden cress) and 120 h (flax). When the period of incubation ended, the dishes were taken out in order to measure the growth of plants. Figure 1 shows the UV-visible spectra related to silver nanoparticles that were biosynthesized with the use of V. officinalis extract. The optical absorption spectra related to AgNPs (silver nanoparticles) that were biosynthesized with the use of V. officinalis extract were recorded at the range of 800-350 nm. After stirring for 24 h, a peak was observed at 521 nm. The yellow-brown color of the samples and the absorption peak at 521 nm stem from the excitation of surface plasmon vibrations in the silver nanoparticles.
Results and discussion
UV-Visible absorption
FTIR analysis
The FTIR spectra related to silver nanoparticles that were biosynthesized with the use of V. officinalis extract showed the major absorption bands at 3322 cm −1 , 2113 cm −1 , 1634 cm −1 , 424 cm −1 , 410 cm −1 , 402 cm −1 and 383 cm −1 (Fig. 2) . The peak which appeared at 3322 cm −1 is related to intramolecular hydrogen-bonded OH. The peak which appeared at 2113 cm −1 may indicate the presence of an alkyne group. The band at 1634 cm −1 , which is the most intense, depicts C=O vibrations, which are characteristic of the flavonoid structure. The absorption bands at 424 cm −1 , 410 cm −1 , 402 cm −1 and 333 cm −1 indicated the formation of metal-biomolecules present in the extract. The conducted studies confirm the presence of functional groups that form part of active compounds in V. officinalis extract, such as iridoid glycosides, mainly aucubin, as well as mannitol, β-sitosterol, phenolic acids, tannins, flavonoids and saponins (Gründemann et al. 2013 ). Figure 3 presents the SEM and TEM images of silver nanoparticles that were biosynthesized with the use of V. officinalis extract. The SEM images at magnification (A) 5000×, (B) 10,000×, (C) 30,000× and (D) 100,000× confirmed that the size of the silver nanoparticles biosynthesized using V. officinalis extract was about 15 nm. In some places, nanoparticles formed agglomerates of about 40 nm. The transmission electron microscopy (TEM) images also showed that the biosynthesized Ag nanoparticles were spherical in shape and about 15 nm in size. Figure 3e , f shows the TEM images at 100,000× magnifications. Figure 4 presents the AFM image of silver nanoparticles that were synthesized with the use of V. officinalis extract with (A) the topography 10 μm × 10 μm, (B) the topography 3 μm × 3 μm, (C) the topography 3 μm × 3 μm with the profile and (D) the profile of nanoparticles. The examination confirmed the sizes of nanoparticles obtained from previous measurements: The observed nanoparticles were about 15 nm. Like SEM (scanning electron microscopy), the AFM image also confirmed the presence of agglomerated nanoparticles that were about 40 nm in size.
SEM and TEM analysis
AFM analysis
Determination of the inhibitory concentration 50% (IC50)
Toxic effects can manifest themselves at different stages of plant development, depending on the conditions in which the plants are grown as well as their systematic classification. The activity of some substances is limited to the place in which they have been absorbed, i.e., it is only local. There are also substances that act systemicallyafter absorption, they move inside the plant. Some compounds are toxic only after they are absorbed by the leaves, the other-the root system, and some will exhibit toxic effects regardless of the manner in which they were taken in. There are many scientific analyses devoted to the impact that silver nanoparticles exercise on various plant species. This work has assessed the phytotoxicity of biosynthesized silver nanoparticles, the prepared extract of V. officinalis and AgNO 3 . The measured values of plant growth or its inhibition, compared to the control sample, served as the basis for creating the chart that shows the dependence of growth activity (Ga) {100 * (growth length of a respective seed − average length of the control sample)/average length of the control sample} on concentration (C). Figure 5 shows the chart that presents the dependence of growth activity on concentration for biosynthesized silver nanoparticles (garden cress seeds).
In toxicity studies, it is important to determine the IC50 coefficient, which means the concentration of a toxic substance inhibits growth by a certain percent (50%), compared to the control sample. The IC50 coefficient (i.e., the concentration which inhibits the growth of the test plant by 50%) for V. officinalis extract as regards flax seeds was calculated on the basis of the equation: Ga = a * ln(C) b. The IC50 coefficient of biosynthesized silver nanoparticles could not be determined because the solutions did not exhibit a sufficient toxic effect on the studied range of concentrations. The authors of the study determined a nominal equation y = ax 2 + bx + c with a high R 2 correlation coefficient.
The experimental data as well as the squared correlation coefficient served as the basis for determining the equations presented in Table 1 . For biosynthesized silver nanoparticles, the R 2 correlation coefficient was, respectively, 0.8145 (L. flavum) and 0.8739 (L. sativum). For AgNO 3 , it was 0.9936 (L. flavum) and 0.9942 (L. sativum). as regards L. flavum seeds and L. sativum seeds. Figure 6 presents the measurement of growth length of garden cress seeds for the following concentrations of silver nanoparticles: (A) 0.0009 mg/ml, (B) 0.0090 mg/ml, (C) 0.0225 (D) and 0.045 mg/ml. As regards silver nitrate, the determined IC50 coefficient was 0.0171 mg/ml for L. flavum and 0.0125 mg/ml for L. sativum. The AgNO 3 solution showed an inhibitory effect at the entire range of the examined concentrations. The conducted analyses led to a conclusion that silver nitrate was the most phytotoxic solution to both flax and garden cress seeds. The extract of V. officinalis, which was used in the work, had some interesting characteristics. Figure 7 presents samples with test flax The chart that presents the dependence of growth activity on concentration for biosynthesized silver nanoparticles (garden cress seeds) seeds before the examination for the following concentrations of V. officinalis extract: (A) 0.017 mg/ml, (B) 0.425 mg/ml, (C) 0.850 mg/ml, (D) 1.275 mg/ml and (E) 1.913 mg/ml. Initially, the tested extract stimulated the growth of flax seeds. We observed the toxic effect occurred along with the increase in the concentration. However, V. officinalis extract did not show any toxic effects on L. sativum seeds. The germination of seeds and then the growth of a shoot and the root in a medium composed of colloidal silica and demineralized water demonstrate the plant's behavior in neutral conditions. The replacement of demineralized water . 6 The measurement of growth length of garden cress seeds for the following concentrations of silver nanoparticles: a 0.0009 mg/ml, b 0.0090 mg/ml, c 0.0225 and d 0.045 mg/ml Fig. 7 The samples with test flax seeds before the examination for the following concentrations of V. officinalis extract: a 0.017 mg/ml, b 0.425 mg/ml, c 0.850 mg/ml and d 1.275 mg/ml; e 1.913 mg/ml with an aqueous solution of any chemical compound or an extract, for example, of plant materials, will make it possible to determine whether or not the assessed solution or extract is toxic to a given plant. When demineralized water is replaced with an aqueous solution of any chemical compound or, for instance, plant material extract, it is possible to verify whether such a solution or extract is toxic to a given plant. A number of dilutions will allow the calculation of the IC50 coefficient. The correlation coefficients (R 2 ) for growth activity charts from concentration A wz = f(C) within the range from 0.8145 to 0.9942 indicate that the method for assessing phytotoxicity has been developed properly. Lower values of correlation coefficients for charts based on biosynthesized Ag nanoparticles may be the result of lower solution stability or nanoparticle agglomerations that may form in the analyzed conditions. Charts related to a stable AgNO 3 solution were characterized by high R 2 coefficients. As regards silver nanoparticles, at first, they stimulated the growth of garden cress. Next, the growth was hindered, and later it was stimulated once again. The solution of silver nanoparticles stimulated flax growth at all tested concentrations. Those results demonstrate that silver nanoparticles synthesized biologically using V. officinalis extract are nontoxic. They also suggest that flax germination is somehow resistant to the negative impact of silver nanoparticles. Flax germination was shown to undergo no significant changes due to any type of treatment, regardless of concentrations (El-Temsah and Joner, 2012) . On the basis of those results, it can be concluded that flax seedlings have a higher limit of toxicity.
There are no doubts that the method of producing nanoparticles impacts their toxicity. Studies carried out by Gopinath et al.'s (2016) research group proved that the nanoparticles of pure TiO 2 , Au and Pt as well as doped TiO 2 obtained from biological synthesis with the use of Terminalia arjuna bark are not toxic. Patil et al. (2012) showed that silver nanoparticles obtained with the use of Pergularia daemia are not toxic to P. reticulata fish. Shanthi et al. (2016) obtained nanosilver using probiotic bacteria-Bacillus licheniformis. The scientists based on research observed that silver nanoparticles produced with the use of bacteria were less toxic to fresh crustaceans-Ceriodaphnia cornuta (50 mg/ml) than silver nitrate (22 mg/ml). Similar results were obtained by Zahir and Rahuman (2012) , who assessed the toxicity of nanosilver produced with the use of Euphorbia prostata leaf extract. The authors examined certain particles and extracts made with the use of different solvents and assessed their toxic effects on Daphnia magna and Ceriodaphnia dubia. They observed no toxicity or side effects after the exposure to the prepared extracts and the synthesized nanosilver. Tripathi et al. (2017) showed that AgNO 3 is more toxic than silver nanoparticles, while potential risks of both forms are critical to the growth and development of Cucumis sativus. As shown by Tripathi et al. (2017) in their research, silver nanoparticles inhibit the growth and photosynthesis of Pisum sativum seedlings by enhancing oxidative stress and altering the antioxidant defense system. The shape of metal nanoparticles can also affect their toxic properties. According to (George et al. 2012) , silver nanoplates induced more serious acute toxic effects on zebrafish embryos than nanosized silver spheres and nanosized silver wires. Another significant factor is connected with the occurrence of metal nanoparticles and their abilities in terms of aggregation. One of the studies that proved this was the study conducted by Ng et al. (2015) . According to them, the low toxicity of SnO 2 oxides, aluminum oxide and In 2 O 3 could be caused by their tendency to create bigger aggregates in the solution, as a result of which the interaction between metal nanoparticles and the cell walls of the test organisms is reduced. On the other hand (Thuesombat et al., 2014) , as larger nanoparticles have a greater ability to penetrate plant tissues and be transported by them, they are capable of affecting plants in a negative manner. According to Stoehr et al. (2011) , wires of AgNPs (100-160 nm) significantly reduced cell viability and increased LDH release from alveolar epithelial cells, whereas spherical AgNPs (30 nm) had no effect.
Conclusion
Contact with materials in the nanoscale may result in penetration of various kinds of cells, which is a very important potential consequence. Nanoparticles exercise a direct impact on algae, plants and fungi by entering into redox reactions with organic particles, which disturbs the processes of photosynthesis and respiration. Cellulose cell walls of algae and higher plants, as well as chitin walls of fungi, have small pores with the diameter of 5-20 nm, and nanoparticles may induce creation of larger pores. After penetrating cell wall, nanoparticles encounter the cytoplasmic membrane. The membrane becomes convex, encloses nanoparticles in bubbles and pulls them in the cell. The majority of the reported phytotoxicity studies used nanoparticles synthesized by means of chemical methods. For this reason, this work examined the influence of silver nanoparticles, AgNO 3 and Veronica officinalis extract on the seeds of L. sativum and L. flavum.
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The results confirmed that biosynthesized AgNPs using V. officinalis extract do not exhibit any toxic effects. The analyses carried out for the purpose of this work (TEM, SEM and AFM) showed that the obtained nanoparticles were spherical and locally agglomerated, and the agglomerates were about 40 nm, which could affect the lack of toxicity of the obtained particles. Furthermore, silver nanoparticles initially stimulated the growth of garden cress, then inhibited it, and stimulated it again. The obtained biologically silver nanoparticles stimulated flax growth at all tested concentrations. The studies led to a conclusion that silver nitrate was the most phytotoxic solution to both flax and garden cress seeds. The prepared AgNO 3 solution had an inhibitory effect at all assessed concentrations. The extract of V. officinalis exhibited interesting properties: Initially, it stimulated the growth of flax, and as the concentration increased, a toxic effect was observed.
